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SPECIFICATION FOR THE 
DESIGN OF LIGHT GAGE COLD·FORMED 
STEEL STRUCTURAL MEMBERS 
1960 Edition 
SECTION 1. GENERAL 
I.I-SCOPE 
This Specification shall apply to the design of structural members cold formed 
to shape from sheet or strip steel and used for load-carrying purposes in buildings. 
Nothing herein is intended to conflict with provisions of the Specifications 
issued by the American Institute of Steel Construction for the Design, Fabrica-
tion, and Erection of Structural Steel for Buildings nor with the Standard Specifi-
cations for Open Web Steel Joists as issued by the Steel Joist Institute. 
1.2-MATERIAL 
This specification contemplates the use of steel sheet and strip of structural 
qualiry as defined in general by the provisions of the following standard specifi-
cations of the American Society for Testing Materials: 
Flat-Rolled Carbon Steel Sheets of Structural Quality, ASTM Designa-
tion: A245 
Hot-Rolled Carbon Steel Strip of Structural Quality, ASTM Designation: 
A303 
High Strength Low Alloy Cold-Rolled Steel Sheets and Strip, ASTM 
Designation: A374 
High Strength Low Alloy Hot-Rolled Steel Sheets and Strip, ASTM Des-
ignation: A375 
The above listing does not exclude the use of material ordered or produced 
to other than the listed specifications provided such material conforms to the 
chemical and mechanical requirements of one of the listed specifications or 
other published specification which establishes its properties and suitability, and 
provided it is subjected by either the producer or the purchaser to analyses, tests 
and other controls to the extent and in the manner prescribed by one of the listed 
specifications. 
The terms C, B and A when used herein to designate grades of steel refer to 
grades provided by ASTM Specifications A245 and A303. The use of any other 
grade of steel shall be based upon its specified minimum properties at the unit 
stresses prescribed herein for "other" grades. 
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SECTION 2. DESIGN PROCEDURE 
2.1-PROCEDURE 
. All computations for safe load, stress, deflection and the like shall be in accord-
ance with conventional methods of structural design except as otherwise specified 
herein. 
2.2-DEFINITIONS 
Where the following terms appear in this Specification they shall have the 
meaning herein indicated: 
(a) Stiffened Compreuion Elements. The term "stiffened compression 
elements" shall mean flat compression elements (i.e., plane compression flanges 
of flexural members and plane webs and flanges of compression mem'bers) of 
which both edges parallel to the direction of stress are stiffened by connection 
to a stiffening means (i.e., web, flange, stiffening lip, intermediate stiffener, or 
the like) conforming to the requirements of Section 2.3.2.· 
(b) Unstiffened Compreuion Elements. Any flat element which is 
stiffened at only one edge parallel to the direction of stress shall be considered 
an "unstiffened" element. 
(c) Multiple-Stiffened Elements. A multiple-stiffened element is an ele-
ment that is stiffened between webs, or between a web and an edge, by means 
of intermediate stiffeners which are parallel to the direction of stress and 
which conform to the requirements of Section 2.3.2.2. A sub-element is the 
portion between adjacent stiffeners or between web and intermediate stiffener 
or between edge and intermediate stiffener.· 
(d) Flat-Width Ratio. The flat-width ratio, wit, is the ratio of the flat 
width, w, exclusive of edge fillets, of a single flat element to the thickness, t, 
of such element. In the case of sections such as 1-, T-, channel- and ·Z-shaped 
sections, the width, w, is the width of the flat projection of flange from web, 
exclusive of fillets and of any stiffening lip that may be at the outer edge of 
the flange. In the case of multiple-web sections such as hat-, U- or box-shaped 
sections, the width, w, is the flat width of flange between adjacent webs, 
exclusive of fillets. 
(e) Effective Design Width. Where the flat width, w, of an element is 
reduced for design purposes, the reduced design width, b, is termed the "effec-
tive width," or the "effective design width." This "effective design width" is 
determined in accordance with Sections 2.3.1 and 2.3.5.· 
2.3-PROPERTIES OF SECTIONS 
Properties of sections (cross-sectional area, moment of inertia, section modu-
lus, radius of gyration, etc.) shall be determined in accordance with conventional 
methods of structural design. Properties shall be based on the full cross-section of 
the members (or net section where the use'of a net section is customary) except 
where the use of a reduced cross-section, or "effective design width," is required 
by the provisions of Sections 2.3.1 and 2.3.5 of this Specification. 
• Charts 1 and 2 in the Appendix illustrate several types of stiffened elements and their 
Effective Cross Sections.' ' . 
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2.3.1 Properties of Stiffened Compression Elements 
EIJective Design Width-In computing properties of sections of flexural 
members and in computing values of "Q" (Section 3.6.1) for compression 
members, the flat width, w, of any stiffened compression element having a flat-
width ratio larger than (wit) 11m as hereinafter defined shall be considered 
as being reduced for design purposes to an effective design width, b or b', 
determined in accordance with the provisions of Sections 2.3.1.1 or 2.3.1.2, 
whichever is applicable, and subject to the limitations of Section 2.3.5 where 
applicable. That portion of the total width which is considered removed to 
arrive at the effective design width shall be located symmetrically about the 
center line of the element. • 
2.3.1.1 Elements Without Intermediate Stiffeners 
. The effective design widths of compression elements which are not 
subject to the provisions of Section 2.3.1.2 governing multiple-stiffened 
elements shall be determined from the following formulas:·· 
For load determination: 
Flanges are fully effective (b = w) up to (w/t}um = 40201 y'i 
(Table 2.3.1. A lists values of (w/t}um) 
For flanges with wit larger than (w/thm 
(bit) = 8040 
y' f 
For deBection determination: 
( 1- 2010 (wit) 
Flanges are fully effective up to (w/t)um = 5160/y'f 
For Banges with wit larger than (w/thm 
(bit) = 10320 (1 2580) 
y' f (wit) y' f 
In the above, 
wit = Bat-width ratio 
b = effective design width 
f = actual unit stress in the compression element computed on 
the basis of the effective design width.·· 
• ChartS 1 and 2 in the Appendix illustrate several types of stiffened elements and their 
effective cross sections. ChartS 31. to 3D show effective design widths for stiffened elements . 
•• The determination of effective design width may be facilitated by the use of Charts 
31. to 3D inclusive. Table 2.3.1.1. B shows effective design width for a unit suess of 20,000 
psi. It is to be noted that where the Bat-width ratio exceeds (wit) 11m the properties of the 
section must frequently be determined by successive approximations, since the unit suess 
and the effective design width are interdependent. ' 
TABLE 2.3.1.1. A 
Maximum Width/ Thickness Ratios, (w /t) 11m, at which Stiffened 
Compression Elements are Fully Effective (b/ t = wit) 
Stress, f, For Load For Deflection 
psi Determination Determination 
6,000 51.9 66.6 
8,000 45.0 57.7 
10,000 40.2 51.6 
12,000 36.7 47.1 
13,500 34.6 44.4 
15,000 32.8 42.1 
16,500 31.3 40.2 
18,000 30.0 38.5 
20,000 28.4 36.5 
22,000 27.1 34.8 
24,000 25.9 33.3 
27,000 24.5 31.4 
30,000 23.2 29.8 
36,000 21.2 27.2 
40,000 20.1 25.8 
Other 4020/ 'If 5160/ 'If 
TABLE 2.3.1.1. B 
Ratio bi t of Effective Design Width to Thickness 
of Stiffened Compression Elements, for fb = 20,000 psi 
bi t for bit for 
wit Load Deflection wit Load Deflection 
Determination Determination Determination Determination 
28.4*' 28.4 28.4 120 50.1 61.9 
30 29.9 30 140 51.0 63.5 
35 33.7 35 160 51.7 64.7 
36.5" 34.7 36.5 180 52.3 65.6 
40 36.6 39.7 200 52.8 66.3 
45 38.9 43.4 225 53.2 67.0 
50 40.6 46.4 250 53.6 67.6 
55 42.1 48.8 275 53.9 68.1 
60 43.3 50.8 300 54.1 68.5 
70 45.3 54.0 350 54.5 69.2 
80 46.7 56.3 400 54.8 69.6 
90 47.8 58.2 450 55.0 70.0 
WO 48.7 59.7 500 55.2 70.3 
• (wit) 11m for load determination, see Section 2.3.1. 
•• ,(wIt) 11m for deflection determination, see Section 2.~.1. 
2.3.1.2 Multiple-Stiffened Elements 
Where the flat-width ·ratio of a sub-element of a multiple-stiffened 
element does not exceed 60, the effective design width, b, of such sub-
element shall be determined in accordance with the provisions of Section 
2.3.1.1. Where such flat-width ratio exceeds 60, the effective design width, 
b', of the sub-element shall be determined from the following formula: 
~' f - 0.10 (~- 60 ) 
where 
wit flat-width ratio of sub-element 
b = effective design width determined in accordance with the 
provisions of Section 2.3.1.1 
b' = effective design width of sub-element to be used in design 
computations 
For computing the effective structural properties of a member having 
multiple-stiffened elements, the area of any intermediate stiffener shall 
be considered reduced to an effective area as given by the expression 
Aeft = A full (b/w), or 
Aeff = A full (b' Iw) , 
whichever is applicable. In the above expressions, Aeff and A full refer 
only to the area of the stiffener section, exclusive of any portion of adjacent 
elements. 
The centroid of the stiffener is to be considered located at the centroid 
of the full area of the stiffener, and the moment of inertia of the stiffener 
about its own centroidal axis shall be that of the full section of the 
stiffener. 
2.3.2 Stiffeners for Compression Elements 
2.3.2.1 Edge Stiffeners 
In order that a flat compression element may be considered a "stiffened 
compression element" it shall be stiffened along each longitudinal edge 
parallel to the direction of stress by a web, lip, or other stiffening means, 




1.83t4 V (wit) 2 - 144 but not less than 9.2t4 
(See Table 2.3.2.1) 
flat-width ratio of stiffened element, and 
minimum allowable moment of inertia of stiffener (of any 
shape) about its own centroidal axis parallel to the stiff-
ened element. 
Where the stiffener consists of a simple lip bent at right angles to the 
stiffened element, the required over-all depth d of such lip may be deter-
mined as follows: 
d = 2.8t ~ (wit) 2 - 144 but not less than 4.8t 
(See Table 2.3.2.1) 
A simple lip shall not be used as an edge stiffener for any element 
having a flat-width ratio greater than 60. 
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TABLE 2.3.2.1 
Minimum Properties of Stifteners for Compression Elements 
wit Imtn dmtn wit I mtn dmtn 






. 13.2t' SAt 40 69.9t' 9At 
19At' 6.2t 50 89.0t' 10.2t 
24.6t' 6.7t 60 107.6t' 10.9t 
29.3t4 7.1t Over 60 1.83t3w 
40.2t4 7.8t 
2.3.2.2 Intermediate Stiffener8 
In order that a fiat compression element may be considered a "multiple 
stiffened element," it shall be stiffened between webs, or between a web 
and an edge, by means of intermediate stiffeners parallel to the direction 
of stress, and the moment of inertia of each such intermediate stiffener 
shall be not less than twice the minimum allowable moment of inertia 
specified for edge stiffeners in Section 2.3.2.1. The following limitations 
also shall apply: 
(a) If the spacing of stiffeners between two webs is such that the 
flat-width ratio of the sub-element between stiffeners is larger than 
(wit) 11m (Section 2.3.1) only two intermediate stiffeners (those 
nearest each web) shall be considered effective. 
( b) If the spacing of stiffeners between a web and an edge stiffener 
is such that the fiat-width ratio of the sub-element between stiffeners 
is larger than (wit) 11m (Section 2.3.1) only one intermediate stiffener 
shall be considered effective. 
(c) If intermediate stiffeners are spaced so closely that the fiat-
width ratio between stiffeners does not exceed (w/t)lIm (Section 
2.3.1) all the stiffeners may be considered effective. In computing the 
fiat-width ratio of the entire multiple-stiffened element, such element 
shall be considered as replaced by an element without intermediate 
stiffeners whose width w. is the whole width between webs or from 
web to edge stiffener, and ~hose equivalent thickness t. is determined 
as follows: 
t8 = ,3/12 I. 
'V w. 
where 18 = moment of inertia of the full area of the multiple-stiffened 
element, including the intermediate stiffeners, about its own centroidal 
axis. 
2.3.3 Maximum Allowable Flat· Width Ratiol 
Maximum allowable overall Bat-width· ratios, wit, disregarding inter-
mediate stiffeners and taking as t the actual thickness of the element, shall be 
as follows: 
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(a) Stiffened compression element having one longitudinal edge 
connected to a web or flange element, the other stiffened by: 
Simple lip bent at right angle to the element .... . H. H. .... ... . 60 
Any other kind of stiffener ..... 90 
(b) Stiffened compression element with both longitudinal edges 
connected to a web or flange element (U-type or box-type 
sections) .. ....... .. ...... ......... .. .... ................. .. ... ... .. ...... .. .. .... ... .. ...... ... ............ .. ... .... .. ... .... ......... 500 
(c) Unstiffened compression element ... ............... . ..... ... ·· .. ·. · . ...... H· .. ··.··. 60 
Note: Unstiffened compression elements that have fiat-width ratios exceeding approx-
imately 30 and stiffened compression elementS that have fiat-width ratios exceeding 
approximately 250 are likely to develop noticeable deformation at the full allowable 
working stresses, without detriment to the abiliry of the member to carry design loads. 
Stiffened elementS having fiat-width ratios larger than 500 may be used with safery 
to support loads, but substantial deformation of such elementS under load may occur 
and may render inapplicable the design formulas of this Specification. 
(d) Unusually Wide Flanges: Where a flange of a flexural member is 
unusually wide and it is desired to limit the maximum amount of 
curling or movement of the flange toward the neutral axis, the fol-
lowing formula applies to compression and tension flanges, either 
stiffened or unstiffened: 
_ 11,SOO,OOOth 4 4,100 C 
W max - 'J fay x "-h-
where 
wmnx = the width, in inches, of flange projecting beyond the web; 
or half of the distance between webs for box- or U-type 
beams. 
t thickness of flange in inches. 
h depth of beam in inches. 
c the amount of curling in inches.· 
fay the average stress in the full, unreduced flange width. 
[Where members are designed by the effective deJign 
width procedure, the average stress = the maximum stress 
x (the ratio of the effective design width to the actual 
width).] 
2.3.4 Maximum Allowable Web Depth 
The ratio hi t of the webs of flexural members shall not exceed . 150 
where 
h = clear distance between flanges, in. 
t = thickness of web, in. 
Where a web consists of twO or more sheets, the hi t ratio of the 
individual sheets shall not exceed .H..... . .. H.H 150 
2.3.5 Unulually Shori Spanl SupportillfJ Concentrated Loads 
Where the span of the beam is less than 30 w' (w' as defined below) and it 
carries one concentrated load, or several loads spaced farther apart than 2 w', 
• The amount of curling that can be tolerated will vary with different kinds of sections 
and must be established by the designer. Amount of curling in the order of 5% of the depth 
of the section is usually not considered excessive. 
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the effective design width of any flange, whether in tension or compression, 
shall be limited to the following: 
TABLE 2.3.5 
Short,Wide Flanges 
Maximum Allowable Ratio of Effective Design Width to Actual Width 
L/w' Ratio L/w' Ratio 
30 1.00 14 0.82 
25 0.96 12 0.78 
20 0.91 10 0.73 
18 0.89 8 0.67 
16 0.86 6 0.55 
In Table 2.3.5 above: 
L = full span for simple spans; or the distance between inflection points 
for continuous beams; or twice the length of cantilever beams. 
w' = width of flange projection beyond the web for I-beam and similar sec-
tions or half the distance between webs for box- or V-type sections. 
For flanges of I-beams and similar sections stiffened by lips at the outer edges, w' 
shall be taken as the sum of the flange projection beyond the web plus the depth 
of the lip. 
SECTION 3. ALLOWABLE DESIGN STRESSES 
The maximum allowable unit stresses to be used in design shall be as follows: 
3.1-BASIC DESIGN STRESS 
Tension on the net section of tension members, and tension and compression, 
fb, on the extreme fibers of flexural members shall not exceed the values specified 
below except as otherwise specifically provided herein. 














Other fb = Specified minimum yield point/1.65 
For special provisions for members resisting wind or earthquake loads see 
Section 3.8, Wind or E&rthquake Stresses. 
3.2-COMPRESSION ON UNSTIFFENED ELEMENTS 
Compression, fe, in pounds per square inch, on flat unstiffened elements: 
(a) For wit not greater than 10: fc = fb 
except that when fb exceeds 30,000 psi the maximum wit ratio for 
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which fe may be taken equal to fb shall not exceed 
300,000 
fb 
In the case of such higher values of fb the allowable value of fe for 
wi t ratio less than 10 but greater than the ratio established by this 
paragraph shall be obtained by straighdine interpolation. The interpola-
tion is to be made between (1) the value of fb at wi t as specified in 
this paragraph and (2) fe = 30,000 psi at wi t equal to 10. 
(b) For wi t greater than 10, but not greater than 25: 
fe = (1.667fb-8640) - (1 / 15) (fb-12,950) wi t 
For steels with yield point in excess of 50,000 psi the value of fb to 
be used for the determination of fe when wi t exceeds 10 shall be 30,000 
psi. 
(Values of fe in accordance with formula are given in Table 3.2(b) for 
fb = 20,000, 18,000 and 15,000 psi) 
(c) Forw/tfrom25t060:· 
For Angle Struts: fe = 8,090,000/ (w/ t) 2 
For all Other Sections: fe = 20,000 - 282 (wi t) 
(Values of fe in accordance with formulas are given in Table 3.2(c» 
In the above formulas, wi t = flat-width ratio as defined in Section 2.2. 
• UnstifJened compression elements having ratios of wi t exceeding approximately 30 
may show noticeable distortion of the free edges under allowable compressive stress without 
detriment to the ability of the member to support load. 
For ratios of wi t exceeding approximately 60 distortion of the flanges is likely to be so 
pronounced as to render the section structurally undesirable unless load and stress are limited 
to such a degree as to render such use uneconomical. 
TABLE 3.2(b) 
Allowable Design Stresses on Unstift'ened Elements--Section 3.2 (b) 
ASTM A245 and A303 Grades of Steel 
For wi t Ratios Not Exceeding 25 
GradeC GradeB Grade A 
wi t (psi) (psi) (psi) 
10 20,000 18,000 15,000 
12 19,060 17,330 14,730 
14 18,120 16,650 14,450 
16 17,180 15,980 14,180 
18 16,240 15,310 13,910 
20 15,300 14,630 13,640 
22 14,360 13,960 13,?,60 
24 13,420 13,290 13,090 
25 12,950 12,950 12,950 
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TABLE 3.2(c) 
Allowable Design Stresses on Unstifl'ened Elements--Section 3.2(c) 
For wi t Ratios from 25 to 60 (All Grades of Steel) 
Allowable f. for Allowable f. for 
Ratio Angle Struts Other Sections Ratio Angle Struts Other Sections 
wit (psi) (psi) wi t (psi) (psi) 
25 12,950 12,950 44 4,180 7,590 
26 11,970 12,670 46 3,820 7,030 
28 10,320 12,100 48 3,510 6,460 
30 8,990 11,540 50 3,240 5,900 
32 7,900 10,980 52 2,990 5,340 
34 7,000 10,410 54 2,770 4,770 
36 6,240 9,850 56 2,580 4,210 
38 5,600 9,280 58 2,400 3,640 
40 5,060 8,720 60 2,250 3,080 
42 4,590 8,160 
3.3-LATERALLY UNBRACED SINGLE WEB BEAMS 
To prevent lateral buckling, the maximum compression stress f'e, in pounds 
per square inch, on extreme fibers of compression flanges of laterally unsupported 
straight 1-, Z- or channel-shaped flexural members, (not including multiple-web 
deck, U- and closed box-type members and curved or arch members) shall not 
exceed the allowable stress as specified in Sections 3.1 or 3.2 nor the following 
maximum stresses: 
(a) For 1- or channel-shaped sections: 
For Grade C Steel, when L/ ry is greater than 71 but less than 158: 
fIe = 22,200 - 0.442( ~ r 
when L/ ry is equal to or greater than 158: 
f'e = 280,000,000/ (L/ ry) 2 
For other Grades of Steel, when L/ ry is greater than 10,050\l~ but 
less than 22,400/ \14 : 
f' - ~ f _ fb2 (L)2 
e - 9 b 907 X 106 ----r;-
when L/ ry is equal to or greater than 22,400/ \14 
f'e = 280,000,000/(L/ ry)2 
(b) For Z-shaped sections: 
For Grade C Steel, when L/ ry is greater than 50, but less than 112: 
f'e = 22,200 - 0.884(~)2 
. ry 
when L/ry is equal to or greater than 112: 
f'e = 140,OOO,OOO/(L/ry)2 
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For other Grades of Steel, when L/ry is greater than 7100/V4but less 
than 15,900/V4 : 
fIe = ~ fb _ fb2 (~)2 
9 453 X 106 ry 
when L/ry is equal to or greater than 15,900/V4 
f'e = 140,000,000/(L/ry)2 
where L = the unbraced length of the member, in. 
ry = the radius of gyration of the entire section of the member about 
its gravity axis parallel to the web, in. 
3.4-ALLOW ABLE STRESSES IN WEBS OF BEAMS 
3.4.1 Shear StresBes in Webs 
The maximum average shear stress, v, in pounds per square inch, on the 
gross area of a flat web shall not exceed: 
64,000,000·th . f 2/ f 
v = (h/t)2 WI a maximum 0 3 b. 
where 
t = web thickness, in. 
h = clear distance between flanges, in. 
fb = basic working stress as specified in Section 3.1, psi. 
Where the web consists of two or more sheets, each sheet shall be con-
sidered as a separate member carrying its share of the shear. 
(Values in accordance with the above formula are given in Table 3.4.1.) 
TABLE 3.4.1 
Maximum Allowable Shear in Flat Webs 
64,000,000 



















20,000(Maximum for fb = 30,000 psi) 
17,780 
16,000(Maximum for fb = 24,000 psi) 











3.4.2 Bending Stress in Webs 
The compressive stress fw in pounds per square inch in the flat web of a 
beam due to bending in its plane, shall not exceed fb nor shall it exceed: 
f _ 520,000,000 
w - (h/t)2 
where h = clear distance between flanges, in. 
3.4.3 Combined Bending and Shear Stresses in Webs 
For webs subject to both bending and shear stresses, the member shall be so 
proportioned that such stresses do not exceed the allowable values specified in 









actual compressive stress at junction of flange and web, psi. 
actual average shear stress, i.e., shear force per web divided 
by web area, psi. 
3.S-WEB CRIPPLING OF BEAMS 
To avoid crippling of flat webs of beams, concentrated loads and reactions 
shall not exceed the values of Pmnx given below. 
(a) Beams of Grade C steel having single unreinforced webs with inside corner 
radius equal to or less than the thickness of the sheet: 
( 1) For end reactions or for concentrated loads on the outer ends of canti-
levers 
Pmux = 100t2 [980 + 42(B/ t) - 0.22 (Bi t) (hi t) - 0.11 (hi t)] 
For other grades of steel and other corner radii, the value P max given 
by the above formula is to be multiplied by 
k(1.l5-0.15n) (1.33-0.33k) 
(2) For reactions of interior supports or for concentrated loads located 
anywhere on the span 
Pmax = 100t2 [3050 + 23 (B/ t) - 0.09(B/ t) (h/ t) - 5 (h/t)] 
For other grades of steel and other corner radii, the value P max given 
by the above formula is to be multiplied by 
k ( 1.06 - 0.06n) (1.22 - 0.22k) 
( b) For I -beams made of two channels connected back to back or for similar 
sections which provide a high degree of restraint against rotation of the web, 
such as I sections made by welding two angles to a channel: 
( 1) For end reactions or for concentrated loads on the outer ends of canti-
levers 
Pmax = t2fb(7.4 + 0.93 VB/t) 
(2) For reactions of interior supports or for concentrated loads located 
anywhere on the span 
Pmax = c2fb (ll.1 + 2.41 VB/t) 
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In all of the above P max represents the load or reaction for one solid web sheet 
connecting top and bottom flanges. For webs consisting of two or more such 
sheets, Pmax shall be computed for each individual sheet and the results added 
to obtain the allowable load or reaction for the composite web. 
For loads located close to ends of beams, provision (a-2) and (b-2) apply, 
provided that for cantilevers the distance from the free end to the nearest edge 
of bearing, and for a load close to an end support, the clear distance from edge 
of end bearing to nearest edge of load bearing, is larger than 1.5 h. Otherwise 
provisions (a-I) and (b-I) apply. 
In the above formulas, 
Pmax = allowable concentrated load or reactions, lbs. 
t = web thickness, in. 
B = actual length of bearing, in inches, except that in the above formulas 
the value of "B" shall not be taken greater than "h". 
h = clear distance between flanges, in. 
fb = basic allowable design stress, psi. (Section 3.1) 
k = fb/20,000. 
n = Ratio of inside bend radius divided by web thickness. 
3.6-AXIALLY LOADED COMPRESSION MEMBERS 
3.6.1 Unit Stress 
The average axial stress, P / A, in compression members shall not exceed 
the values of Fa, as follows: • 
For Grade C Steel 
L/r less than 132/vQ : Fa = 17,000Q - 0.485Q2(L/r)~ 
L/ r equal to or greater than 132/ \!Q : 
149,000,000 
Fa = (L/r)~ 
For other Grades of Steel 
24200 L/r less than --=,:-'--=::=-
Yf~. vQ 
( QfyL/r)2 Fa = 0.515Qfy - 47,500 
24,200 149,000,000 
L/ r equal to or greater than -y-=fy=--y-=Q==- : Fa = --('-L-/r-')-2-
In the above formulas, 
P = total load, lb.; 
A = full, unreduced cross-sectional area of the member, in.2; 
Fa = maximum allowable average axial stress in compression, psi.; 
L = unsupported length of member, in.;·· 
r = radius of gyration of full, unreduced cross-section, in.; 
f;, = yield point of steel, psi.; . 
Q = a factor determined as follows: 
(a) For members composed entirely of stiffened elements, "Q" is the ratio 
• Values of F. for different Q and Llr values appear in Chart 4 in the Appendix. 
• • L = For continuous compression chords of trusses with rigid welded connections at 
panel points, the value of L to be used in computing Llr in the plane of the trUSS is 3/4 the 
distance between panel points. 
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between the effective design area, as determined from the effective de-
sign widths of such elements, and the full or gross area of the cross-
section. The effective design area used in determining Q is to be based 
upon the basic design stress fb as defined in Section 3.1. 
(b) For members composed entirely of unstiffened elements, "Q" is the ratio 
between the allowable compression stress fe for the weakest element of 
the cross-section (the element having the largest flat-width ratio) and 
the basic design stress fb; where fe is as defined in Section 3.2 and fb is 
as defined in 3.1. 
(c) For members composed of both stiffened and unstiffened elements the 
factor "Q" is the product of a stress factor Q. computed as oudined in 
(b) above and an area factor Qa computed as oudined in (a) above, 
except that the stress upon which Qn is to be based shall be that value 
of the unit stress fe which is used in computing Q.; and the effective 
area to be used in computing Qa shall include the full area of all un-
stiffened elements. 
3.6.2 Maximum Slenderness Ratio 
The maximum allowable ratio L/ r of unsupported length, L, to radius of 
gyration, r, of compression members shall not exceed 200, except that during 
construction only L/ r shall not exceed 300. 
3.7-COMBINED AXIAL AND BENDING STRESSES 
Members subject to both axial compression and bending stresses shall be so 
proportioned that the quantity 
fa f'b I d' Fn + Fb shal not excee untty, 
where 
Fa = maximum axial unit stress in compression that is permitted by this 
Specification where axial stress only exists. (Section 3.6.1) 
Fb = maximum bending unit stress in compression that is permitted by this 
Specification where bending stress only exists. (Sections 3.1, 3.2 and 
3.3 ) 
fa = axial unit stress = axial load divided by full cross-sectional area of 
p 
member'A' 
f' b = bending unit stress = bending moment divided by section modulus of 
member, ~' noting that for members having stiffened compression 
elements the section modulus shall be based upon the effective design 
widths of such elements. 
Exception: For primary members of slenderness ratio larger than 120 with 
both ends hinged (not flat or otherwise restrained against rotation) and subject 
to lateral loads and/or moments at both ends such that the member is deflected 
in single curvature, the quantity Fb in the above formula shall be replaced by 
[ (L/r-120) 2 ] Fb I-fa 30 X 106 
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3.8-WIND OR EARTHQUAKE STRESSES 
3.8.1 Wind or Earthquake only 
Members and assemblies subject only to stresses produced by wind or earth-
quake forces may be proportioned for unit stresses 33Ya per cent greater than 
those specified for dead and live load stresses. A corresponding increase may be 
applied to the allowable unit stresses in connections and details. 
3.8.2 Combined Forces ' 
Members·and assemblies subject to Stresses produced by a combination of 
wind or earthquake and other loads may be proportioned for unit stresses 
33 Ya percent greater than those specified for dead and live load stresses, pro-
vided the section thus required is not less than that required for the combina-
tion of dead load and live load. A corresponding increase may be applied to 
the allowable unit stresses in connections and details. 
3.9-CYLINDRICAL TUBULAR COMPRESSION MEMBERS 
The ratio, D/t, of mean diameter to wall thickness of a cylindrical tubular 
compression member shall not exceed 3,300,000/fy• For such members, the allow-
able unit stress P / A under axial load shall be as prescribed by Section 3.6.1, with 
Q=l. 
SECTION 4. CONNECTIONS 
4.1-GENERAL 
Connections shall be designed to transmit the maximum stress in the con-
nected member with proper regard for eccentricity. In the case of members subject 
to reversal of stress, except if caused by wind or earthquake loads, the connection 
shall be proportioned for the sum of the stresses. 
4.2-WELDS 
4.2.1 Fusion Welds 
For all grades of steel, fusion welds shall be proportioned so that the unit 
stresses therein do not exceed 13,600 psi in shear on the throat of fillet or 
plug welds. The allowable unit stress in tension or compression on butt welds 
shall be the same as prescribed for the base metal being joined, provided the 
weld penetrates 100 per cent of the section. Stresses due to eccentricity of 
loading, if any, shall be combined with the primary stresses; and the combined 
unit stresses shall not exceed the values given above. 
Stresses in a fillet weld shall be considered as shear on the throat for any direc-
tion of the applied stress. Neither plug nor slot welds shall be assigned any 
value in resistance to any stresses other than shear. 
All fusion welding shall comply with the provisions of the Standard Code for 
Arc and Gas Welding in Building Construction of the American Welding 
Society, of latest edition, except as otherwise specified herein and excepting 
such provisions of that Code as are clearly not applicable to material of the 
thicknesses to which this Specification applies. 
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4.2.2 Resistance Welds 
In sheets joined by spOt welding (including projection welding) the allow-





































(The above values are based upon "Recommended Practices for Resistance Welding," 
American Welding Society, 1950. They are applicable for all structural grades of low 
carbon steel, and are based on a factor safety of approximately 2~. Values for inter-
mediate thicknesses may be obtained by straight-line interpolation. In the absence of 
other information the above values may also be applied to medium carbon and low alloy 
steels. Spot welds in such steels give somewhat higher shear strengths than those upon 
which the above values are based; however, they may require special welding conditions. 
In all cases welding shall be performed in accordance with the American Welding 
Society's "Recommended Practices for Resistance Welding.") 
4.3-CONNECTING TWO CHANNELS TO FORM AN I-SECTION 
The maximum permissible longitudinal spacing of welds or other connectors, 
Smax, joining two channels to form an I-section shall be 





L = length of compression member, in. 
C1 = radius of gyration of I-section about centroidal axis parallel to flange, in. 
r:! = ~adius of gyration of one channel about centroidal axis parallel to web, 
In. 
(b) For flexural members : 
Smnx = L/ 6 
In no case shall the spacing exceed the value 




L = span of beam, in. 
Sw = strength of connection in tension, lb. 
c = vertical distance between the two rows of connections near or at top 
and bottom flanges, in. 
q = intensity of load, on beam, lb. per lin. in. 
(For methods of determination see below) 
m = distance of shear center of channel from mid-plane of the we}), in. For 
simple channels without stiffening lips at the outer edges, 
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m= 2w+h/3 
For C-shaped channels with stiffening lips at the outer edges, 
wht 
m= 4Ix [wh + 2d (h - d)] 
w = projection of flanges from inside face of web, in. (For channels with 
flanges of unequal width, w shall be taken as the width of the wider 
flange.) 
h = depth of channel or beam, in. 
d = depth of lip, in. 
Ix = moment of inertia of one channel about its centroidal axis normal to 
the web, in.4 
The intensity of load, q, is obtained by dividing the magnitude of concentrated 
loads or reactions by the length of bearing. For beams designed for "uniformly 
distributed load," the intensity q shall be taken equal to three times the intensity 
of the uniformly distributed design load. If the length of bearing of a concentrated 
load or reaction is smaller than the weld spacing s, the required strength of the 
welds or connections closest to the load or reaction P is 
Sw=Pm/2c 
The required limiting spacing of connections Slim depends upon the intensity 
of the load directly at the connection. Therefore, if uniform spacing of connec-
tions is used over the whole length of the beam, it shall be determined at the 
point of maximum local load intensity. In cases where this procedure would 
result in uneconomically close spacing either one of the following methods may 
be adopted: (a) the connection spacing may be varied along the beam according 
to the variation of the load intensity; or (b) reinforcing cover plates may be 
welded to the flanges at points where concentrated loads occur. The strength in 
shear of the connections joining these plates to the flanges shall then be used for 
Sw, and "c" shall represent the depth of the beam. 
4..4-SPACING OF CONNECTIONS IN COMPRESSION ELEMENTS 
The spacing, in line of stress, of welds, rivets, or bolts connecting a compres-
sion cover plate or sheet to a non-integral stiffener or other element shall not 
exceed 
(a) that which is required to transmit the shear between the connected parts 
on the basis of the design strength per connection specified elsewhere herein; nor 
(b) s = 6300t/ v7. where s is spacing in inches, t is the thickness of the 
cover plate or sheet in inches, and f is the design stress in the cover plate or 
sheet in pounds per square inch; nor 
(c) three times the flat width, w, of the narrowest unstiffened compression 
element in that portion of the cover plate or sheet which is tributary to the con-
nections, but need not be less than the spacing indicated below unless closer 
spacing is required by (a) or (b) of this Section 4.4. 
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Value of fe Permitted 
in Unstiffened Element 
0.9 fb or less 
Greater than 0.9 fb but not 
more than 30,000 psi 
Over 30,000 psi 





In the case of intermittent fillet welds parallel to the direction of stress the 
spacing shall be taken as the clear distance between welds plus one-half inch. In 
all other cases the spacing shall be taken as the center to center distance between 
connections. 
Exception: The requirements of this Section 4.4 do not apply to cover 
sheets which act onlyas sheathing material and are not con-
sidered as load-carrying elements. 
4.5-BOLTED CONNECTIONS 
The following requirements govern bolted connections of light gage steel 
structural members: 
4.5.1 Minimum Spacing and Edge Distance in Line of Stress 
The dear distance between bolts which are arranged in rows parallel to the 
direction of force, also the distance from the center of any bolt to that end or 
other boundary of the connecting member towards which the pressure of the 
bolt is directed, shall not be less than 1 Y2 d nor less than P / fbt 
where 
d = diameter of bolt, in. 
P = force transmitted by bolt, lb. 
t = thickness of thinnest connected sheet, in. 
fb = basic design stress, as defined elsewhere, psi. 
4.5.2 Tension Stress on Net Section 
The tension stress on the net section of a bolted connection shall not exceed fb 
nor shall it exceed (0.1 + 3d/ s)fb 
where 
s = spacing of bolts perpendicular to line of stess, in. In the case of a 
single bolt, s = width of sheet. 
d and fb are as previously defined. 
4.5.3 Bearing Stress in Bolted Connections 
The bearing stress on the area (d x t) shall not exceed 3.5 fb 
4.5.4 Shearing Stress on Bolts 
Shear on bolts, under dead and live load, shall not exceed the following values 
in pounds per square inch on the gross cross-sectional area of the bolt: 
(a) Unfinished bolts .... ........................ ....... ..... .................. .......... .. ..... .... .............. .... 10,000 
(b) High-strength bolts conforming to the American Society for 
Testing Materials Specifications for Quenched and Tempered 
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Steel Bolts with Suitable Nuts and Plain Hardened Washers, 
ASTM Designation A325, as amended to date: 
In joints in which slip into bearing of the joined parts 
is permissible and in which . the joined parts do not pass 
through the threaded portion of the bolt ...... ....... .. .. n • •• • • •• • • •• 22,000 
In joints in which slip into bearing of the joined parts 
is permissible and in which the joined parts pass through 
the threaded portion of the bolt ..... ·. · ...... n •• n· •• • •• •• •• ••• • • •••• •• •• • •• ••• •••• 15,000 
In joints in which slip into bearing is not permissible 
(bolts shall be installed in accordance with the Speci-
fications for Assembly of Structural Joints using High-
Strength Steel Bolts, approved by Research Council on 
Riveted and Bolted Structural Joints of the Engineering 
Foundation; the surfaces of the parts being joined shall 
be hot rolled (not cold-finished) surfaces either descaled 
or with normal tight mill scale, and, when assembled, all 
contact surfaces shall be free of dirt, oil, loose scale, burrs 
and other material that would prevent solid seating of 
the parts) 15,000 
SECTION 5. BRACING REQUIREMENTS 
Structural members and assemblies of light gage steel construction shall be 
adequately braced in accordance with good engineering practice. The following 
provisions cover certain special cases and conditions. 
S.l-WALL STUDS 
The safe load-carrying capacity of a stud may be computed on the basis that 
wall material or sheathing (attached to the stud) furnishes adequate lateral sup-
port to the stud in the plane of the wall, provided the wall material and its attach-
ments to the stud comply with the following requirements: 
(a) Wall material or sheathing must be attached to both faces or Banges of 
the studs being braced. 
(b) The maximum spacing of attachments of wall material to the stud being 
braced shall not exceed "amax" as determined from the formula : 
_ 8 E 12 k 
amax - A2 f 2 
'I 
where k is the test value as defined in (d) and the other terms are as 
defined in (c) and (d). 
The slenderness ratio of the stud between attachments, a/r2, shall not exceed 
L/2rt. Therefore, the spacing of attachments shall not exceed that specified above 





L length of stud, in. 
r! radius of gyration of stud about its axis parallel to 
wall = VIdA, in. 
r2 radius. of gyration of stud about its axis perpendicular 
to wall = V 12i A, in. 
(c) The minimum modulus of elastic support, k, to be exerted laterally by 
the wall material and its attachments in order to brace the stud, shall be 
not less than-
for Steel of Grade C: k _ 4.5 a A2 . 
- 12 • 
for Grade B: k = 3.7 a A2 
12 
for Grade A : k _ 2.6 a A2 . 
- 12 ' 
for steel of grade other than Grades A, B, and C: 
k _ fy2 a A2 
- 240,000,000 12 
where 
fy yield point of steel in the studs, psi. 
a actual spacing of attachments of wall material to stud measured 
along the length of stud, (a = 1 for continuous attachment), in. 
A area of cross section of stud, in.2 
12 moment of inertia of cross section of stud about its axis perpen-
dicular to wall, in. 4 
k spring constant or modulus of elastic suppOrt of wall material 
(on each [one] side of stud) plus attachment, i.e., k = Fly 
where F is the force in pounds which produces an elongation of 
y inches of a strip of wall material of width "a" and of length 
equal to the distance between adjacent studs, lb. per in. 
(d) The lateral force, F, which each single attachment of the wall material 
shall be capable of exerting on the stud in the plane of the wall (in 
order ~o prevent lateral buckling of the stud) shall not be less than: 
where 
keP 
Fm1n = -:--;::;::==:=::;----= 
2 VEI2k/a-P 
k = modulus of elastic support of the wall material and its attach-
ments as determined from tests, i.e., the value of "k" used in 
the formula to determine the maximum allowable spacing of 
att~chments in (b), lb. per in. 
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e 
stud length in inches 
240 
design load on stud, lb. 
moment of inertia of stud about its axis perpendicular to the 
wall, in.4 
a actual spacing of attachments measured along stud, in. 
(a = 1 inch for continuous attachment) . 
E Modulus of Elasticity = 29,500,000 psi. 
5.2-CHANNEL AND Z-SECTIONS USED AS BEAMS 
The following provisions for the bracing, against twist, of channel and Z-sec-
tions used as beams apply only when (a) neither flange is connected to deck or 
sheathing material in such a manner as to effectively restrain lateral deflection of 
the connected flange and (b) such members are loaded in the plane of the web. • 
5.2.1 Spacing of Braces 
Braces shall be attached both to the top and bottom flanges of the sections 
at the ends and at intervals not greater than one-quarter of the span length in 
such a manner as to prevent tipping at the ends and lateral deflection of either 
flange in either direction at intermediate braces. If one-third or more of the 
total load on the beams is concentrated over a length of one-twelfth or less of 
the span of the beam, an additional brace shall be placed at or near the center 
of this loaded length. 
5.2.2 Design of Braces 
Each intermediate brace, at top and bottom flange, shall be designed to 
resist a lateral force Pb determined as follows: 
(a) For a uniformly loaded beam, Pb = 1.5K times the load within a 
distance O.5a each side of the brace. 
(b) For concentrated loads Pb = loOK times the concentrated load P 
within a distance 0.3a each side of the brace, plus a force F determined from 
the following formula, for each such concentrated load P located farther than 
0.3a, but not farther than a from the brace : 
F = 1.0 (1 -~) P K 0.7 a 
In the above formulas : 
For channels: 
K = m/ h 
where 
m distance from shear center to mid-plane of the web, as specified 
in Section 4.3, in. 
h depth of channel, in. 
For Z-sections: 
K = Ixy/ Ix 
where 
• When only one flange is connected to a deck or sheathing material to effectively 
restrain lateral deflection of the connected flange, bracing mayor may not be needed to 
prevent twisting of the member, depending upon the dimensions of the member and span 
and upon whether the unconnected flange is in compression or tension. 
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Ixy product of inertia of full section about centroidal axes parallel 
and perpendicular to web, in.' 
Ix moment of inertia of full section about centroidal axis per-
pendicular to web, in.' 
For channels and Z-sections: 
x = distance from concentrated load P to brace, in. 
a = length of bracing interval, in. 
End braces shall be designed for half of the above forces_ 
Braces shall be designated as to avoid local crippling at the points of attach-
ment to the member. 
S.2.3 Allowable Stresses 
For channel and Z-beams intermediately braced according to the require-
ments of Sections 5.2.1 and 5.2.2, the maximum compression stress fIe shall be 
that specified in Section 3.3, except that the length of the bracing interval, a, 
shall be used instead of the length L in th formulas of that Section. 
S.3-LATERALLY UNBRACED BOX BEAMS 
For closed box-type sections used as beams the ratio of the laterally unsup-
ported length, L, to the distance between the webs of section shall not exceed 75. 
SECTION 6. TESTS FOR SPECIAL CASES 
6.I-GENERAL 
Where elements, assemblies, or details of structural members formed from 
sheet or strip steel are such that calculation of their safe load-carrying capacity or 
deflection cannot be made in accordance with the provisions of Sections 2 through 
5 of this Specification, their structural performance shall be established from test 
procedure as specified in Section 6.2. 
6.2-TEST PROCEDURE* 
When tests are necessary for the purposes defined in Section 6.1 they shall 
be conducted in accordance with the following procedure. 
(a) Where practicable, evaluation of test results shall be made on the basis 
of the mean values resulting from tests of not fewer than three identical 
specimens, provided the deviation of any individual test result from the 
mean value obtained from all tests does not exceed -+- 10%. If such 
deviation from the mean exceeds 10%, at least three more tests of the 
same kind shall be made. The average of the three lowest values of all 
tests made shall then be regarded as the result of the series of tests. 
• The test procedures and test factors specified in Section 6.2 are not applicable to con-
firmatory tests of members and assemblies whose properties can be calculated accordins 
to Sections 2 through 5; for the latter, the Specification provides generally a safety factor 
of 1.65. 
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(b) Determinations of allowable load-carrying capacity shall be made on the 
basis that the member, assembly, or connection shall be capable of sustain-
ing during the test without failure a total load, including the weight of 
the test specimen, equal to twice the live load plus one-and-one-half the 
dead load. Furthermore, harmful local distortions shall not develop during 
the test at a total load, including the weight of the test specimen, equal to 
the dead load plus one and one half times the live load. For members and 
assemblies subjected to wind or earthquake loads, appropriate modifica-
tion of the foregoing f~ctors shall be made in accordance with Section 3.8. 
(c) In evaluating test results, due consideration must be given to any differ-
ences that may exist between the yield point of the material from which 
the tested sections are formed and the minimum yield point specified for 
the material which the manufacturer intends to use. 
(d) Tests shall be made by an independent testing laboratory or by a manu-








EFFECTIVE CROSS SECTIONS 
OF MEMBERS IN BENDING 
Double Channel I-Beam 
with Stiffened Flanges 
Multiple Stiffened Hat Section 
Multiple Stiffened 




Inverted "U" Section 
CHART 2 
EFFECTIVE DESIGN AREA FOR 
DETERMINING "Q" FOR CROSS SECTIONS 
OF MEMBERS IN COMPRESSION 
(See Section 3.6.1) 
Q = Total Area - Shaded Area (WHERE ALL ELEMENTS ARE) 





Double Channel I-Beam 
with Stiffened Flanges 
CHART 3A 
EFFECTIVE WIDTH FOR SAFE LOAD DETERMINATION 





o • o 20 110 eo '00 'ao '40 110 '110 200 300 40!1 eoo 
FLAT-WIDTH RATIO - wit 




















































~ /' V 
---


















/ V I~.~ 
1/ l/1cJ V 
I/V ':;..or 
I..t.: 'I 1. f-'" 
V ~ 
~ "","f-"" 
V 1 ~ 
f-~ I-
I---' I.l ~~ 


















































EFFECTIVE WIDTH FOR DEFLECTION DETERMINATION 
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